Background: Chronification of pain is associated with both anatomical and functional alterations of the brain. Alteration in regional grey matter volume might potentially be associated with modified activity of specific brain networks. In this cross-sectional, observational study, we sought to identify brain regions with grey matter volume changes in patients with chronic pain and to reveal its significance by analysing alteration in functional connectivity from those regions. We further explored relevance of such alterations with psychometrics of chronic pain. Methods: We recruited 23 patients with chronic pain and 17 age-, gender-matched healthy control subjects. After completing multiple psychophysical questionnaires, each subject underwent resting-state functional magnetic resonance imaging and three-dimensional anatomical imaging on a 3 Tesla magnetic resonance imaging scanner. Results: Patients with chronic pain showed significant volume decrease at the right anterior insular cortex (p < 0.001) and the left middle cingulate cortex (p < 0.001) compared with healthy controls. They also showed decreased connectivity between the right anterior insular cortex and the left nucleus accumbens in negative association with the Pain Catastrophizing Scale (R 2 = 0.20, p = 0.046) and the Beck's Depression Inventory scores (R 2 = 0.24, p = 0.017). Conclusions: Decreased grey matter volumes of those core regions for affective processing of pain might be a common cerebral feature shared by, at least some of, different aetiologies of chronic pain. Dysfunctional network between the anterior insular cortex and the nucleus accumbens might reflect affective and motivational disability involved in chronic pain. Such anatomical and functional profiles could potentially be part of a cerebral signature for chronification of pain. Significance: This article illustrates decreased network activity of the reward system in association with insular cortical volume decrease in patients with chronic pain, and its close relationships with affective and cognitive morbidity of pain. Attenuation of brain's reward system involving cortical plastic changes might have a key role in chronification of pain.
Introduction
Pain is processed at multiple discrete areas across the brain (Coghill et al., 1999) . In addition to acute pain processing, magnetic resonance imaging (MRI) studies have shed light on cerebral anatomical and functional alterations that underlie chronification of pain (Davis and Moayedi, 2013) , which might be associated with its emotional-cognitive impairment (Baliki et al., 2006) and negative impact on quality of life in patients with chronic pain (Breivik et al., 2006) . Regional changes in grey matter volume were reported in patients with chronic pain at variable locations, depending on the characteristics and disease entities (Baliki et al., 2011) . On the other hand, resting-state functional MRI (rs-fMRI) revealed altered functional connectivity in various networks in patients with low back pain (Yu et al., 2014) and fibromyalgia (Napadow et al., 2012) .
Most of such earlier findings, however, remained rather inconsistent, lacked reproducibility and were rather restricted to specific phenotypes of chronic pain. We still do not know the cerebral morphometric features common to multiple chronic pain disorders. If decrease in regional grey matter volume is associated with persistent pain (Rodriguez-Raecke et al., 2009) , they should likely be shared across different phenotypes of chronic pain disorders.
Also, functional significance for regional changes in grey matter volume has yet to be determined. If grey matter volume changes resulted from inactivity of regional neurons, it should likely be associated with specific cerebral network dysfunction that might be responsible for persistence or chronification of pain. Because every neuron in the brain exerts a unique function by communicating with neighbouring or remote neurons in the brain, regional grey matter changes might potentially be associated with changes in network functions originating from those regions.
In this study, we performed multimodal MRI in patients with chronic pain and healthy control subjects to obtain both anatomical and functional information of the brain, and sought for correlations between alterations in grey matter volume and those in network functions (Hubbard et al., 2014) . We primarily aimed to investigate grey matter changes in patients with chronic pain from heterogeneous aetiologies in comparison with healthy control subjects by voxel-based morphometry (VBM) of anatomical MRI data. Second, using the seeds with altered grey matter volume, we performed whole-brain functional connectivity analysis of rs-fMRI data to specify brain networks associated with grey matter changes. Correlations were sought between cerebral functional connectivity changes and various psychometric parameters from multiple questionnaires including a visual analogue scale (VAS) of pain intensity, Short-Form McGill Pain Questionnaire (SF-MPQ) (Melzack, 1987) , Pain DETECT (Freynhagen et al., 2006) , Pain Catastrophizing Scale (PCS) (Quartana et al., 2009 ) and Beck's Depression Inventory (BDI) (Beck et al., 1961) .
From all those results, we tested hypotheses that there should be specific brain regions with altered grey matter volume common to different phenotypes of chronic pain disorder and that those regions should be involved in alterations of specific network function in a manner relevant with psychometric deterioration in patients with chronic pain.
Methods

Study design
This study was a cross-sectional, observational study involving patients with chronic pain and healthy control subjects recruited at an urban university hospital under inclusion and exclusion criteria stated below.
All the experimental procedures were approved by the Institutional Review Board of Tokyo Medical Dental University (approval number, 1525), conforming to the World Medical Association Declaration of Helsinki. The study protocol was registered at the UMIN Clinical Trials Registry (UMIN-CTR, No. UMIN000011253; http://www.umin.ac.jp/ctr/). All the participants gave written informed consent and were free to withdraw from the study at any time during the course of study.
Recruitment of subjects
We recruited a total of 40 right-handed adult subjects, including 23 patients with chronic pain and 17 age-, gender-matched, pain-free healthy control subjects (Table 1) . During the period from February 2014 to June 2016, we recruited patients at an outpatient clinic at Tokyo Medical and Dental University Hospital of Medicine, and healthy controls by posters at the same hospital or word of mouth. All the experimental procedures were performed during the same period. A target number of subjects were set at 17 for each group following the landmark study successfully showing significant regional grey matter atrophy in patients with chronic low back pain (Apkarian et al., 2004) .
Patients with chronic pain consisted of those with different aetiologies including fibromyalgia (n = 6), chronic low back pain (n = 4), complex regional pain syndrome (n = 4), phantom pain (n = 1) and pain from idiopathic neuropathy (n = 9), and suffered from pain at a visual analogue scale (VAS) ≥30 of 100 mm for longer than 3 months despite treatment.
The nature of pain was considered as either neuropathic (n = 13; 57%), nociceptive (n = 4; 17%) or dysfunctional (n = 6; 26%). All the patients were allowed to continue medication for pain before the study to guard against worsening of pain. Seventeen patients were on anticonvulsants, 18 on antidepressants (15 tricyclic antidepressants, six serotonin-noradrenaline re-uptake inhibitors); four on l-opioids, five on acetaminophens, three on nonsteroidal antiinflammatory drugs and four on herbal medicine.
Exclusion criteria were history of any neurological or psychiatric disorders, history of brain injury, claustrophobia, pregnancy and metals or electronic devices embedded in the body. All the subjects were instructed to refrain from ingesting caffeine and alcohol that might affect cerebral blood flow and vascular responsiveness for 24 h before the study.
Psychometric evaluation
Participants completed the following measurement and questionnaires before MRI scans: pain duration, VAS of current pain intensity (0-100 mm, where 0 is no pain and 100 the maximum pain imaginable), Short-Form McGill Pain Questionnaire (SF-MPQ) (Melzack, 1987) , PainDETECT (Freynhagen et al., 2006) , Pain Catastrophizing Scale (PCS) (Quartana et al., 2009 ) and Beck's Depression Inventory (BDI) (Beck et al., 1961) . All those data were used to seek for behavioural correlates of neuroimaging variables.
Neuroimaging data acquisition
We used a 3.0-Tesla MRI scanner (Signa HDxT, GE Healthcare, UK) equipped with an 8-channel head coil. We performed four MRI sessions for each subject: (1) thermal pain-evoked fMRI, (2) rs-fMRI, (3) diffusion tensor imaging and (4) three-dimensional high-resolution anatomical imaging. In this study, we used only data from (2) rs-fMRI and (4) anatomical scans. Results from the other data sets will be reported elsewhere.
During rs-fMRI, subjects were asked to keep their eyes open, relax and look at a crosshair presented on a screen via a pair of goggles. A whole-brain gradient-echo echo-planar imaging was performed with the following acquisition parameters: repetition time (TR), 2000 ms; echo time (TE), 25 ms; flip angle, 80°; matrix, 64 9 64; field of view (FOV), 19.2 9 19.2 cm 2 ; number of slices, 38; no gap; 15°o blique axial images; voxel size, 3 9 3 9 3 mm; 150 volumes; scan time, 5 min.
A three-dimensional high-resolution anatomical image was acquired using a Spoiled Gradient Recalled Acquisition in Steady State (SPGR) sequence with the following parameters: TR, 7.8 ms; TE, 3 ms; flip angle, 12°; FOV, 25.6 9 20.5 cm 2 ; voxel size, 1 9 1 9 1 mm; scan time, 6.5 min.
Statistical analysis of behavioural data and neuroimaging parameters
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS, Chicago, Illinois, USA), version 23.0. A nonparametric statistic test (Mann-Whitney U-test) was used for the VAS, SF-MPQ, Pain DETECT, PCS, BDI and age. A chisquare test was applied to gender. Neuroimaging and behavioural parameters were tested for correlation using Pearson's correlation analysis, and a regression coefficient (R 2 ) was calculated from regression analysis. p < 0.05 was considered statistically significant.
Voxel-based morphometry
Anatomical images were analysed using the VBM12 toolbox implemented in SPM12 (Welcome Department of Cognitive Neurology, London, UK; http:// www.fil.ion.ucl.ac.uk/spm/software/spm12/) running under Matlab version 8.5 (R2015a, MathWorks, 
Date are presented as means AE SD. VAS, visual analogue scale; SF-MPQ, Short-Form McGill Pain Questionnaire; BDI, Beck's Depression Inventory; PCS, Pain Catastrophizing Scale; CLBP, chronic low back pain; CRPS, complex regional pain syndrome.
Natick, Massachusetts, USA). In brief, anatomical images were spatially normalized with Diffeomorphic Anatomical Registration using Exponentiated Lie algebra (DARTEL) (Ashburner, 2007) to the Montreal Neurological Institute (MNI) template and segmented into grey matter (GM), white matter (WM) and cerebrospinal fluid (CSF), and smoothed with a 6-mm Gaussian kernel. Preprocessed data from all the subjects were entered into a full factorial (analysis of covariance: ANCOVA) analysis using general linear model in SPM12. Three covariates of no interest were included in the model: age, gender and total brain volume. We applied an absolute threshold mask of 0.2 and examined for significant differences in regional GM volumes between patients with chronic pain and healthy controls in the whole brain, with a voxel-level, uncorrected threshold at p < 0.001, a spatial extent ≥27 voxels, for statistical significance. Significant clusters were used as seeds for the following functional connectivity analysis of rs-fMRI data sets. Individual regional GM volume estimates from each cluster were also examined for correlations with psychometric parameters of pain.
Functional connectivity analysis
Rs-fMRI data were preprocessed and analysed using the SPM12, CONN (Functional Connectivity Toolbox; https://www.nitrc.org/projects/conn) (Whitfield-Gabrieli and Nieto-Castanon, 2012) and Matlab. Preprocessing steps included realignment, slice timing correction, coregistration of the mean functional image to the anatomical image, segmentation of the anatomical image (GM, WM and CSF), normalization to the standard MNI brain template and smoothing with a 6-mm Gaussian kernel. We detected and removed signal and motion artefacts (scan-to-scan global signal z-value threshold ≥3; composite motion threshold ≥0.5 mm) using a component-based approach (CompCor) (Behzadi et al., 2007) . Rs-fMRI data were finally band-pass-filtered at 0.02 to 0.08 Hz to remove high-frequency noise and linear drift artefact. We performed a whole-brain, seed-to-voxel correlation analysis using the regions of interest (ROIs) derived from VBM results. First, spherical ROIs for seeds, 5 mm in radius, were determined at peak coordinates of VBM-derived clusters using WFU_-PickAtlas Toolbox (https://www.nitrc.org/projects/wf u_pickatlas). Second, we performed a first-level, single-subject analysis and computed seed-to-voxel connectivity maps. Those measures were entered into the second-level, between-group general linear model analysis with age and gender as covariates. A statistical threshold for significance was determined at p < 0.05, cluster-level, after familywise error correction.
Then, we determined ROIs for each of the clusters showing significantly different connectivity between groups and performed ROI-to-ROI analysis to evaluate functional connectivity for each individual subject. In each network with altered functional connectivity between the groups, individual parameters of functional connectivity (b) were further sought for correlation with behavioural measures from psychometric questionnaires.
Results
Demographic and psychometric data
All the subjects were capable of smooth written and verbal communication, understood the purpose and design of study, gave informed consent, completed the required questionnaires with 60 items in less than 20 min and underwent neuroimaging procedures without any difficulty. This fact implied their sufficient, average-level intellectual performance, although we did not record intelligent quotient or educational background for each subject. Subject demographic and psychometric data are presented in Table 1 . Eighty-seven per cent of patients showed bilateral bodily presentation of pain symptoms. Compared with healthy controls, patients with chronic pain had significantly higher scores in VAS (p < 0.001), SF-MPQ (p < 0.001), Pain DETECT (p < 0.001), BDI (p < 0.001) and PCS (p < 0.001), but did not differ in age (p = 0.29) and in gender (v 2 = 0.17, p = 0.75).
Voxel-based morphometry
In the whole brain, patients with chronic pain showed significantly smaller GM volumes at the right anterior insular cortex (aIC) and the left middle cingulate cortex (MCC) compared with healthy controls at p < 0.001, uncorrected and a spatial extent ≥27 voxels (Table 2 ; Fig. 1 ). The aIC region with decreased GM volume appeared to be part of the anterior inferior cortex, one of the proposed six subdivisions of the aIC (Faillenot et al., 2017) . No regions with significantly larger GM volumes were found in patients with chronic pain compared with healthy controls. There were no significant correlations between regional GM volume changes and any of the psychometric parameters (Table 3) .
Functional connectivity analysis
Seed-to-voxel analysis
We set seeds at the right aIC and left MCC based on the VBM results. In patients with chronic pain, the aIC showed weaker connectivity with the right orbitofrontal cortex (OFC), right medial prefrontal cortex (mPFC) and left nucleus accumbens (NAc) compared with healthy controls (Table 4 ; Fig. 2 ). There were no regions with increased functional connectivity in patients with chronic pain. There were no significant differences in functional connectivity from the left MCC seed between patients with chronic pain and healthy controls.
ROI-to-ROI analysis
We set ROIs at the right aIC, right OFC, right mPFC and left NAc, and analysed functional connectivity between the right aIC and each of the other ROIs. Functional connectivity was significantly weaker in all of those networks in patients with chronic pain than in healthy controls (Fig. 3) . Statistical parameters were as follows: right OFC (t 38 = À5.82, p < 0.001), right mPFC (t 38 = À4.84, p < 0.001) and left NAc (t 38 = À4.94, p < 0.001).
Correlations between functional connectivity and psychometric parameters
Patients with chronic pain showed decreased functional connectivity between the right aIC and the left NAc in negative association with the BDI (R 2 = 0.24, p = 0.046) and PCS (R 2 = 0.20, p = 0.017) (Fig. 4) . We did not find any significant relationships among the other neuroimaging and psychometric parameters (Table 5) .
Discussion
We demonstrated that patients with chronic pain, from various aetiologies, were characterized by GM volume decrease in the aIC and MCC. We also A B Figure 1 Regions of grey matter atrophy in patients with chronic pain. Two sagittal views of the brain of patients with chronic pain, at MNI xcoordinates 32 and -4, including clusters of grey matter atrophy. Yellow dots indicate regions with reduced grey matter volume in patients with chronic pain in comparison with healthy controls above a statistical threshold of T = 3.34, p = 0.001, uncorrected, spatial extent ≥27 voxels. A, right anterior insular cortex (aIC); B, left middle cingulate cortex (MCC). showed that GM volume decrease in the aIC was significantly associated with its attenuated network activity with the mPFC, OFC and NAc, which are generally considered part of the reward system (Mitsi and Zachariou, 2016) . Because regional GM volume decrease generally implies decreased neuronal function, decreased aIC volume might be associated with its decreased neuronal activity and communication with the reward system. A decreased network activity between the aIC and reward system might reflect dysfunction of the reward system in patients with chronic pain (Baliki et al., 2010; Kaneko et al., 2017) . A decreased connectivity between the aIC and NAc was specifically associated with two psychometric parameters, BDI and PCS scores, reflecting the affective and cognitive components of pain perception, respectively. Strength of the present study might reside in a combined analysis of multimodal MRI data to seek for possible mechanistic associations between cerebral anatomical and functional derangements in chronic pain. Most of earlier reports were restricted to single-modality analysis of neuroimaging data, which provided only anatomical or functional information on the brain in chronic pain. In the present study, we successfully delineated functional significance of regional cortical GM volume decrease by performing secondary functional connectivity analysis using the specific seeds placed at those regions (Hubbard et al., 2014; Khan et al., 2014) .
Decreased volumes of the aIC and MCC as a common signature of chronic pain
The aIC and MCC belong to the medial nociceptive system, which mediates both the affective and cognitive components of pain perception (Treede et al., 1999) . We suggest that decreased volume of those regions might represent a common cerebral signature for chronic pain, because of diverse aetiologies of chronic pain in the present study cohort. It accords with an earlier notion that cingulate and insular cortices showed GM density decrease most consistently among different phenotypes of chronic pain disorder (Baliki et al., 2011) .
The insular cortex integrates information from diverse functional systems of the body including pain (Kurth et al., 2010) . The aIC is especially associated with the affective component, while the posterior IC with the sensory component of pain (Wiech et al., 2014) . Volume decrease in the aIC was also reported in patients with chronic low back pain (Fritz et al., 2016) , while both volume decrease (Valfr e et al., 2008) and increase (Maleki et al., 2015) of the aIC were reported in migraineurs. Volume decrease in The X, Y, Z coordinates accord with the Montreal Neurological Institute (MNI) atlas. Rt, right; Lt, left; FWE, familywise error corrected. Figure 2 Brain regions showing decreased functional connectivity with the right anterior insular cortex in patients with chronic pain. After between-group functional connectivity analysis, purple-marked regions showed decreased functional connectivity with the right anterior insular cortex in patients with chronic pain compared with healthy controls. Those regions included the medial frontal cortex (mPFC), nucleus accumbens (NAc) and orbitofrontal cortex (OFC). Axial (left panel), sagittal (centre) and coronal (right) planes at specified MNI coordinates. L, left; R, right.
the aIC might possibly be associated with dysfunction in emotional processing (Fritz et al., 2016) and in integration of multisensory and pain pathways (Harte et al., 2016) in patients with chronic pain. Compared with those earlier reports, the present aIC was localized at a relatively lower z-coordinate in closer proximity to the NAc, which might imply its possible functional connections with NAc.
The anterior 1/3 of MCC (aMCC) is not only involved in the affective component of pain such as fear and anxiety (Vogt, 2016) , but also in the sensory component of pain such as pain intensity (Coghill et al., 1999) as well as attention-orienting reactions (Legrain et al., 2011) . Decreased MCC volume in the present results accords with earlier findings in patients with complex regional pain syndrome (CRPS) (Erpelding et al., 2016) and chronic musculoskeletal pain (Coppieters et al., 2016) . On the other hand, the posterior 2/3 of MCC (pMCC) is particularly involved in multisensory orientation of the head and body in space (Vogt, 2016) . In the present results, centre of gravity of decreased MCC volume was rather included in the pMCC. Patients with chronic pain frequently present with comorbidities such as general fatigue, cognitive and emotional impairment (Chopra and Arora, 2014) , and accordingly, they significantly decrease their activity of daily living (Elfving et al., 2007) . Taken together, we suggest that decreased MCC volume might potentially be associated with both an enhanced negative mood and reduced daily motor activities in patients with chronic pain.
Decreased aIC volume is associated with dysfunction of the reward system in chronic pain
We found that decreased aIC volume was associated with attenuation of specific network function originating from it in patients with chronic pain. Specifically, functional connectivity between the aIC and Figure 3 A group comparison of functional connectivity between the right anterior insula and the reward-related regions. Box-and-whisker plots of functional connectivity (b values) between the right anterior insula and either of the orbitofrontal, medial frontal cortices and nucleus accumbens. All those regions showed significant differences between the groups after ROI-to-ROI analysis at p < 0.001. HC, healthy controls; CP, patients with chronic pain; b, statistical index for functional connectivity. Figure 4 Correlations between the anterior insula-nucleus accumbens functional connectivity and psychometric parameters. Functional connectivity between the anterior insular cortex and the nucleus accumbens was lower in patients with chronic pain than in healthy controls, and showed negative associations with the Pain Catastrophizing Scale (PCS) scores (A) and the Beck's Depression Inventory (BDI) scores (B) in patients with chronic pain. HC, healthy controls; CP, patients with chronic pain; b, statistical index for functional connectivity.
multiple regions including the OFC, mPFC and NAc was found attenuated in patients with chronic pain.
The OFC, mPFC and NAc constitute primary parts of the reward system (Mitsi and Zachariou, 2016) , which might possibly mediate the motivational aspect of pain, and are characterized by dopaminergic transmission (Berridge and Kringelbach, 2015) . Patients with chronic pain showed altered dopamine receptor binding (Hagelberg et al., 2003) and abnormal dopaminergic responses to pain (Wood et al., 2007) , possibly from adaptation to persistent pain , in the mesolimbic dopaminergic circuitry. Accumulated evidence supports roles for the mesolimbic dopamine system in modulation of nociception (Baliki et al., 2010) , affective reactions (Martikainen et al., 2015) and chronification of pain (Baliki et al., 2012; Kaneko et al., 2017) .
Therefore, dysfunction of the reward system should probably be associated with chronification of pain and exacerbation of affective symptoms in chronic pain. Neuronal networks between the aIC and the NAc might especially have a key role in maintaining normal responses of the reward system to pain, which we found deranged in patients with chronic pain.
Reduced aIC-NAc connectivity indicates affective and cognitive morbidity in chronic pain
We found a significant association between the reduced aIC-NAc connectivity and exacerbation of affective and cognitive components of pain, BDI and PCS, respectively. Enhanced negative mood, as evaluated with BDI in the present study, is among major profiles of chronic pain. More than 50% of patients with chronic pain suffer from depression (Chopra and Arora, 2014) . Abnormality of the NAc is associated with depression (McCabe, 2016) and mood disorders (Schreiter et al., 2016) . Pain catastrophizing is a negative cognitive and emotional response to pain involving factors of rumination, magnification and feeling of helplessness (Quartana et al., 2009 ). Therefore, we suggest that the aIC-NAc connectivity might be useful as a biomarker to indicate affective and cognitive morbidity in patients with chronic pain. A further longitudinal study should be warranted to support this hypothesis.
Limitations
The present study has several limitations. First, the present results might have been affected by medications potentially causing neuronal plastic changes in the brain structure and function (Borsook and Becerra, 2006) . Cessation of medication, however, could probably have required several days to eliminate its effects and hence could have caused unacceptably negative impact on pain symptoms and quality of life of the patients, which should have caused serious ethical problems.
Second, the present findings were obtained from a heterogeneous group of patients with different chronic pain disorders such as low back pain, CRPS and fibromyalgia. The present study focused on the state of chronic pain with no definite residual anatomical abnormalities rather than specific, localized pain disorders. In fact, 87% of the patients showed bilateral pain, which implied minimal effects of lateralization on the present results. Our findings therefore might demonstrate common anatomical and functional backgrounds of chronic pain, after offsetting possible variations among different phenotypes of chronic pain. We cannot, however, exclude a possibility that cerebral alterations might well have been driven by some but not all the aetiologies included in the patient group. A further increase in the number of patients and matched controls might reveal information regarding possible differences in neuroimaging variables depending on different phenotypes of chronic pain, which will reveal possible commonalities across aetiologies and be useful in differential diagnosis of chronic pain disorders. Also, we will need to find possible contrasts between the present findings and those of chronic affective diseases to delineate structural and functional profiles specific to chronic pain conditions. Third, because of a cross-sectional design of the present study, we cannot determine causal relationships between chronic pain and cerebral abnormalities. A further longitudinal study would be necessary to resolve this question. An argument for persistent pain as a cause of cerebral abnormalities might be supported by accumulating evidence for their reversibility after relief of pain (Rodriguez-Raecke et al., 2009; Erpelding et al., 2016) . The GM alterations in chronic pain might especially be a result of adaptive or maladaptive plasticity in chronic pain state (Borsook et al., 2013) . Finally, we had to permit a low statistical threshold for VBM results at p < 0.001, uncorrected. We tried to minimize false-positive results by thresholding cluster size to ≥27 and obtained two major clusters, one of which successfully led to robust detection of decreased functional connectivity of specific networks. A further increase in number of patients with homogeneous aetiology might potentially increase robustness of VBM results.
Conclusions
Using a combined analysis of anatomical and restingstate functional MRI data, we showed significant decreases in the MCC and the aIC volumes, and its association with a decrease in functional connectivity between the aIC and the reward system, in patients with chronic pain compared with healthy controls. We further showed that such volume decrease in emotional pain regions was associated with dysfunction of the reward system network in negative associations with emotional and cognitive indices of pain. The present findings might be useful as a cerebral signature of chronic pain shared by different phenotypes of chronic pain disorder, which should warrant future validation studies.
